How proteins reach their native conformation and location has been a major question of biology during the last 50 years. To counterbalance protein misfolding and the accumulation of aggregation products, a complex network of chaperones and proteases takes care of protein quality control in the cell. Such a chaperone network is in place in the periplasm of Gram-negative bacteria, where it is necessary for the survival of the bacteria as well as for outer membrane biogenesis. First mechanistic insights into the periplasmic chaperones that comprise this system came from crystal structures of their apo states. While these crystal structures represent stable conformations of the proteins, they typically lack the information to understand the conformational changes that regulate the functional cycle and the mechanisms coordinating the dynamic adaptation of the chaperones to client proteins. During the past few years, the main actors of periplasmic and outer membrane protein folding have been extensively studied by a combination of experimental techniques. This review aims to give an overview of how recent structural biology developments have helped to achieve a better understanding of the functional cycles of the molecular chaperones Skp, SurA and BamA and how these cycles are regulated by dynamic conformational rearrangements.
INTRODUCTION
Understanding the mechanism by which a newly synthesised protein acquires its three-dimensional functional state is a fundamental question in biology (Dill and MacCallum 2012) . Misfolded proteins expose parts of their hydrophobic core to the aqueous solvent, thus increasing their probability to integrate into insoluble aggregates (Yu et al. 2015) that may then lead to deleterious consequences for the cell. To avoid such processes, cells have evolved a complex network of chaperones and proteases that are in charge of protein quality control (Merdanovic et al. 2011; Wolff, Weissman and Dillin 2014; Sontag, Samant and Frydman 2017) .
For Gram-negative bacteria, such as Escherichia coli, a relatively well-characterised chaperone network is present in the cytoplasm, taking care of the polypeptide chains synthesised by the ribosome. Notably, while all protein synthesis takes place in the cytoplasm, around 35% of the E. coli proteome are eventually localised in the bacterial cell envelope (Krogh et al. 2001; Orfanoudaki and Economou 2014; De Geyter et al. 2016; et al. 2017) . The cell envelope is composed of two membranes: the inner membrane (IM) and the outer membrane (OM). These membranes are separated by the aqueous periplasm that corresponds to 10%-20% of the total cell volume (Van Wielink and Duine 1990) . Therefore, the IM connects the cytoplasm to the periplasm, while the OM forms the interface between the periplasm and the external environment. Secreted proteins are transferred by the Sec translocase in an unfolded state from the cytoplasm across the IM (Driessen, Manting and van der Does 2001 ; Van den Berg et al. 2004; Chatzi et al. 2014; Tsirigotaki et al. 2017) . In particular, the aqueous periplasm represents a biophysical barrier for the insoluble outer membrane proteins (OMPs). Their transport is thus mediated by a chaperone network, comprising the two chaperones Skp and SurA that are assumed to work on two interconnected parallel pathways, targeting client proteins to the β-barrel assembly machinery (BAM) complex ( Fig. 1) (Rizzitello, Harper and Silhavy 2001; Costello et al. 2016; De Geyter et al. 2016) . Misfolded OMPs that need to be degraded to prevent their accumulation in the periplasm are transferred to the DegP protease that is offering a rescue pathway (Pan et al. 2003) .
During the last more than 10 years, crystal structures of the molecular chaperones SurA, Skp and the BAM complex have been solved, giving valuable information to understand the mechanisms regulating their functions. While these structures represent individual stabilised states, they alone do not provide a holistic description of the dynamic functional cycles. Recently, combinations of experimental techniques that allowed studies of these systems in aqueous solution demonstrated that their functional cycles are regulated by an ensemble of conformational rearrangements, relying on individual structural plasticity. Such conformational rearrangements are often a key element for the molecular chaperones to adapt to their disordered client proteins and thus to integrate into a network of interactions in the periplasm. In this article, we review how recent structural biology developments have helped to achieve a better understanding of the dynamic conformational rearrangements that regulate the function of the periplasmic molecular chaperones Skp and SurA and the outer membrane chaperone BAM.
THE PERIPLASMIC CHAPERONE Skp
The periplasmic chaperone Skp (seventeen kilodalton protein) is involved in the regulation of transport, folding and insertion of OMPs in the OM (Chen and Henning 1996; Schäfer, Beck and Muller 1999; Harms et al. 2001) . Skp interacts with OMPs after their release from the IM to protect them from aggregation. The crystal structure of Skp was determined in 2004, showing a trimeric assembly with a jelly fish-like structure ( Fig.  2A) (Korndörfer, Dommel and Skerra 2004; Walton and Sousa 2004) . Interestingly, the overall shape and architecture of Skp is very similar to the chaperone prefoldin, an archaeal cytosolic, ATP-independent holdase chaperone, suggesting that Skp could be classified as a holdase. Skp is structurally organised in two domains, the β-barrel trimerisation domain involving three β-strands per subunit and the 'arm' domains, two long coiled-coil α-helices that reach from the oligomerisation domain, forming a core cavity large enough to accommodate a client protein ( Fig.  2A and B) .
First models of the interaction of Skp with an OMP client protein were obtained by fluorescence spectroscopy (Qu et al. 2009 ) and nuclear magnetic resonance (NMR) spectroscopy (Walton et al. 2009 ). The outer membrane protein OmpA, a typical client of Skp, is composed of two domains, a membrane-spanning β-barrel domain and a soluble periplasmic domain. Both studies revealed that the β-barrel domain of OmpA adopts a disordered conformation that fits in the central cavity of Skp. The unfolded OMP interacts within the cavity not only through hydrophobic contacts, but also the charged loops of the OMP can interact with the positively and negatively charged parts of the arms. Structure and dynamics of the Skp-OmpX and Skp-tOmpA (transmembrane domain of OmpA) complexes were subsequently determined by solution NMR spectroscopy, giving the first atomic resolution description of a chaperone-client complex with a fulllength natural client protein (Burmann, Wang and Hiller 2013; Callon, Burmann and Hiller 2014) . These works exploited stateof-the-art NMR techniques including spin relaxation measurement, PRE measurement and intermolecular methyl-methyl NOEs to characterise the structure of the complex. The data revealed for the first time that the bound OMP client protein is disordered in its entire length and furthermore, these studies showed that the OMP undergoes large dynamic rearrangements within the cavity of Skp. Importantly, the demonstration that no polypeptide segment of the OMP is structurally tightly bound to the chaperone is suggestive of an entirely unspecific interaction. A determination of the compactness of the OMP conformational ensemble encapsulated in the cavity of Skp showed that in first-order approximation, the occupied volume corresponds to a sphere with a radius of ∼21Å, in comparison to a radius of 45Å for the disordered OMP in denaturant solution. Furthermore, the local lifetime of individual client conformations was found to be below 1 ms, showing that the OMP is reorienting rapidly in the cavity, relative to the long lifetime of the complex with a half time in the range of hours. In the Skp-tOmpA and Skp-OmpX complexes, a multitude of weak local interactions with a short life time thus result in a strong global interaction by avidity.
These studies also revealed insights into the conformations of Skp in the apo and holo state, respectively. In the apo state, the Skp arms are flexible and can articulate around a hinge element located at residue phenylalanine 30, which is highly conserved among species ( Fig. 2A-C) . Skp in its apo form thus undergoes large conformational rearrangements in solution that were not directly observable in the crystal structure. Importantly, upon OMP binding the flexibility of the arms is drastically decreased, demonstrating a stiffening of the cavity around the bound substrate. By combining intermolecular NOE contacts between Skp and the bound OMP with PRE experiments, the authors were also able to reveal the fine details of the chaperone-client contact surface in the cavity (Fig. 2D) . A subsequent small-angle neutron scattering study of the Skp-tOmpA complex confirmed that upon binding of tOmpA the arms of Skp adopt a clamp-like conformation similar to that in the apo crystal structure (Zaccai et al. 2016) .
The OMP clientome of Skp has a size diversity in the range from 150 residues (OmpX) to more than 700 residues (FhuA). A recent study combining molecular modelling, small angle X-ray scattering (SAXS) and NMR spectroscopy confirmed that this hinge on the coiled-coil structures of the arms allows a conformational switch leading to a drastic increase of the size of the cavity (Fig. 2D) (Holdbrook et al. 2017) . This large conformational rearrangement of the arms allows, in an ATPindependent manner, to remodel the size of the cavity to adapt to the size of its client protein. A second study systematically analysed the binding capacity of Skp for a large variety of OMPs with a size range from 8 to 16 strands (Schiffrin et al. 2017) . This study suggested that a higher Skp:OMP ratio is required to bind to 16-stranded OMPs, while for smaller OMPs the Skp cavity can be expanded to adapt to the size of the client proteins. Interestingly, this study also demonstrated that the Skp particle is found only as a multiple of the trimeric state, indicating that this stoichiometry corresponds to the active form of the chaperone. In this context, it is interesting to note that a recent study has demonstrated that at physiological concentrations, Skp exists in an equilibrium between a trimeric and monomeric state (Sandlin, Zaccai and Fleming 2015) . The monomeric state was previously observed by NMR spectroscopy due to the observation of two sets of NMR signals for the apo state of Skp (Burmann, Wang and Hiller 2013) . Interestingly, the two studies disagree on the conformation of the monomeric state as a van't Hoff analysis from Sandlin et al. shows that monomeric Skp is in a folded conformation, while Burmann et al. observed an unfolded conformation. Despite its presence at physiological concentration, no study yet has been able to shed light on the characteristics and functionality of this monomeric state of Skp.
The mechanism triggering the release of the OMP from Skp into the OM is still unclear but a model has been proposed by Burmann, Wang and Hiller (2013) . Based on the weak local affinity and the rapid structural interconversion of the OMP in complex with Skp, the authors hypothesised that a ternary Skp-OMP-BAM transition complex would allow release of the OMP client by dynamic rearrangements of the polypeptide while it stays partially bound to Skp. Such a release is then limited by the local, but not the global interaction lifetime of the Skp-OMP complex. In agreement with this model, Thoma et al. (2015) demonstrated by a combination of single-molecule force spectroscopy and NMR spectroscopy that the chaperones Skp and SurA promote the sequential insertion of individual OMP β-hairpins into the lipid membrane on the seconds timescale. The unfolded OMP, exiting the Skp cavity, could be similarly guided by transient contacts with the POTRA domains of BamA towards the membrane entry point.
Overall, the studies summarised in this part showed that the dynamic nature of the trimeric active state of Skp is the key element regulating its functional cycle, as well as its adaptation to bind client proteins OMP. Release in an ATP-independent manner is possible due to the fast client dynamics. The recent discovery of the existence of a monomeric state could lead to additional interesting insights into the functional cycle of Skp.
THE PERIPLASMIC CHAPERONE SurA
SurA was initially identified as a general survival factor in stationary phase cells (Tormo, Almirón and Kolter 1990) . The primary function of SurA was later demonstrated to be folding and OMP transport through the periplasm (Lazar and Kolter 1996; Rouvière and Gross 1996) and it was subsequently identified as the key chaperone that is targeting the OMP to the BAM complex (Sklar et al. 2007) . The crystal structure of SurA (Bitto and McKay 2002) revealed an organisation composed of four distinct domains: a large N-terminal domain, two PPiase domains and a short C-terminal helix followed by a short β-strand ( Fig.  3A and B) . The PPiase 1 domain (P1) in combination with the N and C-terminal domains forms the core of the protein, while the PPiase 2 (P2) domain is flexibly connected to these core domains. The last 10 residues of the C-terminal domain are forming a short β-strand that associates with an N-terminal β-hairpin to form an antiparallel β-sheet. It was demonstrated that the conservation of the sequence of the C-terminus is not essential while its shortening drastically affects chaperone activity (Chai et al. 2014) . The observation of the structure showed that part of the N-terminal domain forms an extended cavity that was hypothesised as a possible binding site for the unfolded client polypeptide chain (Fig. 2B ) (Bitto and McKay 2002) . Arguments supporting this hypothesis come from the fact that a SurA construct composed of the N-terminal domain directly linked to the C-terminal domain displays chaperone-like activity in vitro and that it can complement the SurA deletion phenotype in vivo (Behrens et al. 2001; Webb et al. 2001) .
Various studies demonstrated that SurA is the primary chaperone involved in the transport of the OMP to the OM (Rizzitello, Harper and Silhavy 2001; Sklar et al. 2007) . Amino acid sequences that are recognised by SurA were determined by phage display experiments to identify peptide fragments with high affinity of binding (Bitto and McKay 2003; Xu et al. 2007 ). These results showed that SurA has a high affinity for peptide sequences rich in aromatic residues and specifically for a sequence pattern Ar-X-Ar, where Ar is an aromatic residue and X can be any residue. Interestingly, this motif is frequently found at the C-terminus of OMPs. Based on these results a structure of the complex of SurA with a peptide mimicking the C-terminal of OMP was solved (Xu et al. 2007 ). This structure shows a binding site on the P1 domain in a pocket with selectivity for hydrophobic residues (Fig. 3C) . Upon binding of the peptide, a dimeric structure of SurA is formed, with two subunits P1 domain binding around the peptide. Thereby, the structures of the N-and C-terminal domains are not significantly changed while the P1 domain undergoes large conformational changes, resulting in its separation from the core domain (Fig. 3D) . It is, however, still not clear what the biological relevance of this structure is, since the binding of short peptides is not representative of the binding of a full-length client protein and since the observed binding site is contradictory to in vivo results showing that the chaperoning activity is not affected by deletion of the P1 domain. To explain this contradiction, Xu et al. have proposed a functional model with separate substrate recognition and chaperone activity sites. In this model, the P1 domain is responsible for the client protein sequence selectivity and the N-terminal domain for accommodating long unfolded peptide chains. Indeed, a closer look at the structure of the complex with a peptide shows that the N-terminus of the peptide sits next to a cavity on the N-terminal domains, opening the possibility for a longer chain to bind to both sites. According to this model, the observed chaperoning activity of the N-terminal domain without the P1 domain will correspond to a non-specific interaction.
The exact role played by the PPIase domains of SurA is still unclear, in particular since several homologues of SurA have only one or no PPIase domain (Alcock et al. 2008) . However, a recent study (Soltes et al. 2016 ) has shed some light on the possible role of the PPIase domains. As mentioned before, the deletion of the P2 domain does not abolish function but this study shows that its deletion decreases the chaperoning activity. A possible mechanism that could explain the role played by the P2 domain is a large conformational change of this domain leading to closure of the cavity on the N-terminal domain by a clamp-like mechanism. The same study also revealed that the flexibility of the P1 domain relatively to the N-terminal domain allows a possible autoinhibition of the chaperone activity. As summarised in Fig. 3E , the binding of the P1 domain to the core domain allows its stabilisation at the cost of an inhibition of the binding site, while the more flexible unbound state may increase the chaperone activity by opening the binding site at the cost of a decrease of its stability.
Additional questions remain about how the periplasmic chaperones are functionally connected to a network. It has been proposed that the interactions between the chaperones and OMP clients are regulated by a kinetic partitioning mechanism where different OMP-binding rates lead to sequential interactions with the chaperones (Wu et al. 2011) . Interestingly, a recent study demonstrated that the role of Skp is not redundant with SurA as they interact with different conformations of OMP with different stoichiometry of binding (Li et al. 2018) . Furthermore, understanding the mechanisms promoting the release of an OMP client from SurA into the OM remains elusive. Thoma et al. (2015) showed that SurA has a release mechanism that is in effect similar to that of Skp, whereby individual β-hairpins of the client are inserted into the membrane to form partially stabilised folding steps. As previously mentioned for Skp, the interaction of SurA with the BAM POTRA domains could thereby trigger the sequential release of the unfolded client protein, resulting in insertion of the OMP in the membrane, guided by transient interactions with the POTRA domains.
Altogether, major contributions during the last decade have drastically shifted our understanding of the structure and dynamics of the chaperone SurA. Still, a number of questions still need to be answered. In particular, it is necessary to figure out how the suggested conformational rearrangement of the two PPiase domains is involved in the regulation of the functional cycle of SurA and whether the observed dimerisation of SurA upon peptide binding might reveal a fundamental feature of the chaperone activity. Finally, the structural characterisation of a full-length client protein in complex with SurA is still missing to unveil the mechanism regulating the functional cycle of SurA.
THE MACHINERY FOR OMP ASSEMBLY INTO THE OM
The BAM is a complex composed by five proteins. These are the integral membrane protein BamA and the four accessory lipoproteins BamB, BamC, BamD and BamE. BamA belongs to the Omp85 superfamily that has been demonstrated as essential for the survival of E. coli (Voulhoux et al. 2003) . The BAM complex is located in the OM where it supports the folding and insertion of OMPs into the membrane. It constitutes the endpoint of the OMP transport pathways across the aqueous periplasm that are mediated by the periplasmic chaperones Skp and SurA. The BamA structure is subdivided in two topological parts, a long soluble fragment of five POTRA domains, followed by a β-barrel domain integral to the OM.
The first structure of bacterial full-length BamA from Neisseria gonorrhoeae with its five POTRA domains (Noinaj et al. 2013) (Fig. 4A ) was determined at about the same time as the structure of a closely related Omp85 homologue, the translocation and assembly module A (TamA) (Gruss et al. 2013) . Both structures revealed a strongly different architecture as compared to other canonical β-barrels. Indeed, the first strand β1 and the last strand β16, that are closing the β-barrel, are connected only by a few hydrogen bonds. In one conformation, the strand β16 is partially unzipped from strand β1 creating a bend. This introduces an overall asymmetric geometry of the barrel with a width of 9Å on the side of the β1-β16 connection and 20Å on the other side. At the same time, this loose binding of the strands β1 and β16 creates a lateral gate that is oriented towards the membrane and that could facilitate the insertion of the OMPs (inward-open conformation). A later study highlighted the importance of the flexibility of this gate region by cross-linking experiments and furthermore describing the formation of an exit pore on top of the lateral gate that could allow the exit of the extra cellular loops of nascent OMPs during folding by BamA (Noinaj et al. 2014) .
Besides the role played by the β-barrel part of BamA for OMP folding, the role played by the POTRA domains should also not be neglected as they are also required for BAM function in vivo (Kim et al. 2007 ). The POTRA domains have been suggested to interact with the OMP to assist their folding and to provide a hydrophobic pattern to drive the unfolded OMP to the β-barrel (Kim et al. 2007; Gatzeva-Topalova, Walton and Sousa 2008) . Structural studies of the accessory components of the BAM complex with the POTRA domains revealed that BamB and BamD interact with the POTRA3 and 5 domains (Jansen, Baker and Sousa 2015; Bakelar, Buchanan and Noinaj 2016; Bergal et al. 2016 ). Thereby, these data have suggested that the elongated POTRA domain structure promotes the interaction between the different components of the BAM complex as well as reaching in the periplasm to interact with the molecular chaperones and client proteins. Four crystal structures of the BAM complex, including the accessory BAM proteins, were recently published, providing information on the assembly of the complex, the network of interactions within the BAM complex and the conformational changes allowed by the dynamic structure of the β-barrel (Fig. 4B ) (Bakelar, Buchanan and Noinaj 2016; Gu et al. 2016; Han et al. 2016) . Two of the four structures show an inward-open conformation of the β-barrel, while the two other structures lacking BamB show a new outward-open conformation of the β-barrel with a 45
• rotation of the first part of the barrel opening along the exit. This observation was first interpreted as an indication that the presence of BamB triggers this conformational change. However, a fifth structure of the BAM complex with BamB solved by cryo-electron microscopy (EM) found the β-barrel in a similar outward-open conformation (Fig. 4C ) (Iadanza et al. 2016) . The organisation of the accessory BAM components revealed that they are rather undergoing rigid body motions to shuffle around the β-barrel. In the different structures of the BAM complex, the POTRA domains form a ring structure parallel to the membrane below the β-barrel ( Fig. 4B-E ) Previous structural characterisation of the array of five PO-TRA domains showed that they can be topologically divided into the two fragments POTRA1-2 and POTRA3-5 (Kim et al. 2007; Gatzeva-Topalova, Walton and Sousa 2008; Noinaj et al. 2013) . Two extreme arrangements, an extended conformation and a compact conformation of these fragments, were confirmed in solution by SAXS experiments, showing an equilibrium between a 25% compact and 75% extended conformations with the two rigid fragments POTRA1-2 and POTRA3-5 connected by a flexible hinge ( Fig. 4D and F) (Gatzeva-Topalova, Walton and Sousa 2008) . It has been hypothesised that the two conformations could correspond to an open and closed ring that regulates the accessibility and conformation of the β-barrel. A recent molecular dynamics simulation demonstrated that the mobility of the POTRA domains is modulated by the presence of the different accessory Bam components . This role of the POTRA domains is in agreement with the hypothesis that they are involved in the organisation of the components of the BAM complex and therefore in the conformation of the BamA β-barrel (Gu et al. 2016) . A later study combining crystallography, NMR spectroscopy and SAXS of different truncated versions of the POTRA domains in the absence of the BamA β-barrel clearly demonstrated that the flexibility of the POTRA domains is regulated by the hinge between POTRA2 and POTRA3 that permits the switch between the extended and compact conformations (Warner et al. 2017) .
The mechanism supporting the activity of the BAM complex is still not clearly understood but several hypotheses have been proposed and two popular mechanistic models for BAMmediated OMP biogenesis are presented here. Both models are driven by dynamic conformational cycling of the BamA β-barrel between the inward-open and outward-open conformation with the subsequent rearrangements of the components of the BAM complex. The 'BamA-assisted' model hypothesises that the local destabilisation of the membrane bilayer by the BAM complex facilitates the insertion of the nascent OMP into the proximity of the modified membrane (Gessmann et al. 2014; Noinaj et al. 2014; Noinaj, Rollauer and Buchanan 2015) . This model is supported by the property of β-barrel proteins to spontaneously fold in vitro in the presence of lipid bilayers and detergents (Fleming 2015) and the recent observation that some β-barrel proteins begin to fold in the periplasm before interaction with the BAM complex (Pavlova et al. 2013; Lee et al. 2016; Sikdar et al. 2017; Wzorek et al. 2017) . Furthermore, it has been shown that dynamic 'register sliding' of the BamA β-barrel induces defects in the OM that could facilitate insertion of nascent OMPs (Doerner and Sousa 2017) . This connection involves the notion that thinned lipid bilayers, combined with increased curvature, facilitate OMPs folding (Burgess et al. 2008) . According to this model, BamA thus catalyses OMP folding by lowering the kinetic barrier imposed by the hydrophobic thickness of the membrane (Schiffrin et al. 2017) .
In the second model, the 'hybrid barrel' model, the nascent OMPs are transported by chaperones to the POTRA domains and then OMPs are inserted strand by strand or one β-hairpin at a time in the OM by a mechanism of β-augmentation (Gruss et al 2013; Noinaj et al. 2014) . Thereby, the exposed β-strand edge of the BamA β-barrel in the gate region acts as a template and, as OMP strands are added, an enlarged OMP β-barrel can be formed. The main argument supporting this model is the observation that Cys mutants designed to cross-link, by a disulfide bond, the terminal β1 and β16 strands were found to be lethal in vivo (Noinaj et al. 2014) and that efficient folding in vitro requires lateral gating in BAM (Iadanza et al. 2016) . Furthermore, recent work on the mitochondrial homologue Sam50 also showed evidences for this mechanism (Höhr et al. 2018 ). In contrast, two studies have shown that for small 8-stranded OMP in vitro lateral gating of the BamA barrel and/or hybrid barrel formation is not required (Doerner and Sousa 2017; Schiffrin et al. 2017) . It has also been highlighted that cross-linking could lead to side effects like conformational change or limitation of the mobility of the BamA β-barrel domain and therefore could not present a direct evidence of β-strand templating (Konovalova, Kahne and Silhavy 2017) . Nevertheless, none of these mechanisms has yet been conclusively demonstrated experimentally and even each of them could be significantly involved in the folding of some of the different types of OMPs, depending on their complexity and oligomeric state.
Overall, with the recent publications of the structure of the fully assembled BAM complex, our understanding of the mechanism regulating BAM function has greatly improved. The development of structural studies during the recent years has shed light on the large conformational change that the POTRA domains undergo and how they could be involved in the regulation of the BamA β-barrel conformational cycle.
CONCLUSION AND OUTLOOK
Remarkable developments in NMR spectroscopy, SAXS and molecular dynamics, in combination with groundbreaking work from crystallography and cryo-EM, have unveiled the importance of plasticity in the mechanism of action of molecular chaperones regulating protein folding in the periplasm and the OM. Structure and dynamics of the chaperone Skp, in its apo and holo states, have been characterised at the atomic level, revealing that the large conformational rearrangements of Skp cavity regulate its function, as well as promoting its unique capacity to adapt in response to the properties of its client proteins. Similar data are still lacking to understand the exact functional mechanism regulating the chaperone SurA, but recent advances have given interesting insights of what could be the functional role played by the dynamics conformation of its domains. Finally, the recent publications of the complete BAM complex in different conformations have extended our comprehension of the conformational cycle that regulates its possible gating mechanism. Interestingly, the combination of these data with other structural studies showed that the POTRA domains are a key element in the organisation of the accessory BAM components and could regulate the β-barrel conformational switch. However, studies are still missing to piece together the mechanistic process that could explain BAM mediated OMP folding and it would be of special interest to understand how interactions between the individual molecular chaperones is involved in this mechanism.
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